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Studies on in Vitro Chrysotile Pleural
Mesothelial Cell Interaction:
Morphological Aspects and Metabolism
of Benzo 3,4-pyrene
by M. C. Jaurand,* 1. Bastie.Sigeac,* L. Magne,t
M. Hubert-Habartt and J. Bignon*
Cultures of rat pleural mesothelial cells (PMC) were exposed to nonlethal doses of UICC chryso-
tile A. The morphology was studied by optical and electron microscopy. The consequences of chryso-
tile ingestion on the rate of pinocytosis of horseradish peroxidase (HPR) metabolism and benzo-3-4-
pyrene (BP) were studied.
Nonlethal doses of chrysotile (5 Mg/mL) induced a time-dependent vacuolation of PMC; a dose-de-
pendent inhibition of the vacuolation was observed when PMC were pretreated with DMSO. The ori-
gin of the vacuoles is not clear, but some features of autophagy and lysosomal storage were ob-
served.
Chrysotile fibers did not modify the rate of pinocytosis of HRP. Similarly, the metabolism of BP
was unchanged when BP and chrysotile were both added to the culture medium or when PMC were
preincubated with the fibers 24 hr prior to the addition of BP.
Introduction
In vitro studies performed with various cell lines
have demonstrated that chrysotile fibers are cyto-
toxic (1). However, the effect is dose-dependent, and
low concentrations do not kill the cells but induce
some pathological features. The aim of this work
was, first, to study the morphology of rat pleural
mesothelial cells, (PMC) treated in culture with non-
lethal concentrations of chrysotile fibers and, sec-
ondly, to examine the consequences of chrysotile in-
gestion on the metabolism of the PMC with regard
to pinocytosis of exogenous macromolecules (horse-
radish peroxidase, HRP) or polycyclic hydrocarbons
(benzo-3-4-pyrene, BP).
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Material and Methods
Cell Culture
PMC were cultured in NCTC 109 + 10% fetal
bovine serum as described by Jaurand et al. (2). The
cells were used at confluency between the 8th and
20th passage.
Chrysotile Fibers
UICC chrysotile A fibers were used. The fibers
were dispersed by sonication in the culture medium
(20 kHz, 20 W, 5 min).
Cell Viability
The cell viability was determined by trypan blue
exclusion and also by measuring the lactate dehy-
drogenase (LDH) released in the culture medium as
described elsewhere (3).
Phase Contrast Microscopy
The enumeration of vacuoles was carried out by
using phase contrast microscopy (x 370). The fieldsJA URAND ETAL.
were randomly selected, and 100 cells crossing a
line in the eye piece were counted. The treatment of
PMC was unknown by the reader in order to avoid
subjective results.
Electron Microscopy
Cells were prepared for electron microscopy as
described elsewhere (2). The acid phosphatase stain-
ing was performed on cells fixed with 2.3% glutaral-
dehyde in 0.045 M cacodylate buffer and stained by
the technique of Miller and Palade (4). The HRP was
detected by the technique of Graham and Karnov-
sky (5).
Spectrophotometry for HRP
The HRP activity was measured by using the as-
say of Steiman and Cohn (6). No endogenous peroxi-
dase was found in PMC.
Metabolism of BP
14C-BP was added to the cells either untreated or
treated with 2 ,g/mL of chrysotile fibers. Both BP
and chrysotile were added to the medium or PMC
was preincubated with chrysotile for 24 hr prior to
BP addition. After 24 hr of incubation with BP, the
culture medium was extracted with ethyl acetate.
The organosoluble metabolites were separated by
HPLC and the proportion of conjugates, in the
aqueous phase, was also determined.
Results
In order to incubate the cells with a nonlethal
concentration of chrysotile fibers, a dose-effect rela-
tionship was established. The results are expressed
in Table 1 and show that 5,g/mL did not highly
modify the viability of the PMC. The effect of BP
was also studied, and no modification of the growth
curves was observed with 1 ,pg/mL of BP.
Morphological Studies
Addition of 5,g/mL of chrysotile fibers to conflu-
ent PMC resulted in the appearance of regular
Table 1. Viability of confluent PMC
following 20 hr of incubation with UICC chrysotile A.
Concentration, Unstained PMC, LDH released,
MgfmL na 0/
0 3 100 ± 0 4.2± 4.2
5 2 99 ± 1 7.3 ± 4.5
10 3 97.7 ± 2.6 8.0 ± 10.9
20 2 87.3 ± 8 11.1 ± 8.9
50 3 73 ± 14 21.1 ± 16.9
aNumber of cell strains.
translucent vacuoles, often perinuclear and reaching
approximately 2 ,um diameter after 2 hr of incuba-
tion (Fig. 1). Their number was time-dependent and
after 20 hr of incubation 80.2 ± 20% of PMC con-
tained vacuoles (mean obtained with four different
cell strains) (Fig. 2). The mean number of vacuoles
per PMC was 3.0 ± 2.6 and 6.6 ± 3.7 after 8 hr and
20 hr of incubation with the fibers, respectively
(Fig. 3).
Previous studies (7) showed that chrysotile fibers
were ingested by PMC in culture and that degranu-
lation of lysosomal enzymes occurred into the pha-
gocytic vacuole. Following 2 hr of incubation with
chrysotile fibers, electron microscopy revealed both
the presence of phagocytic vacuoles containing
chrysotile fibers and large regular vacuoles which
were generally empty or contained traces of mem-
brane whorls ressembling myelin figures (Fig. 4).
Acid phosphatases were present not only in the
phagosome (Fig. 5) but also in close contact with
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FIGURE 1. Culture of PMC at the 17th passage incubated at
confluency with 5 gAg/mL of chrysotile fibers for 48 hr.
Phase contrast microscopy, x 310.
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FIGURE 2. Kinetics of the formation of vacuoles by PMC incubated at confluency with 5
Mg/mL of chysotile fibers. Histograms showing the distribution of the number of
PMC with the number of vacuoles per cell, after various times of contact with the
fibers. PMC were at the 8th passage.
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FIGURE 3. Variation of the mean number of vacuoles per cell, with the time of contact
with the fibers. PMC were at 20th passage.
these structures, suggesting that they were sec-
ondary lysosomes.
In some cells cytoplasmic inclusions could be seen
which had the appearance of lipid inclusions and
were either highly ordered crystalloid or lamellated
structures. These inclusions were contained by a
single membrane.
Effect of DMSO
As BP was solubilized in DMSO (0.1%), the effect
of DMSO was observed. DMSO was added to the
culture medium 1 hr prior to the addition of chryso-
100
50 -
100,
50,
2
161
iol ___JAURANDETAL.
FIGURE 4. Electron microscopy of PMC treated as in Figure 2. Numerous vacuoles are
seen, generally empty but sometimes with membrane whorls (arrow). The chrysotile
fibers were generally in phagosomes (head of arrow) but were sometimes present
inside the large regular vacuoles. x 5300.
tile. There was a dose-dependent inhibition of the
vacuolation of PMC. In Figure 6, the variation of
the mean number of vacuoles per PMC with the
DMSO concentration is reported.
HRP Pinocytosis
The spectrophotometric assay revealed that HRP
entered the cells when incubated with PMC. The
amount of HRP ingested was time- and dose-depen-
dent. The addition of 5 Mig/mL of chrysotile fibers
did not change the pinocytic rate (Table 2).
Pinocytic vesicles were also demonstrated by
electron microscopy (Fig. 7). This revealed that
HRP and chrysotile fibers were generally in sepa-
rate vacuoles when both materials were incubated
with PMC.
Metabolism of BP
BP was metabolized by PMC in culture. PMC
were used at the 7th passage. After 24 hr of incuba-
tion 60% of the BP was metabolized. The propor-
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FIGURE 5. High magnification of a phagolysosome inside a
PMC. The acid phosphatase reaction shows the presence of
acid phosphatase inside the phagocytic vacuole. x 31,000.
tions of metabolites in the aqueous and organic
phases were 60 and 40%, respectively. When PMC
were incubated with both 2 j*g/mL of chrysotile fi-
bers and BP, the fraction of BP metabolized was not
significantly different; similarly, the proportion of
metabolites obtained in the aqueous or organic
phases was unchanged. No modification of the pro-
portion of water-soluble or organo-soluble radioac-
tivity was found when PMC were pretreated with
crystotile fibers (Table 3).
Discussion
The results reported here clearly demonstrate
that nonlethal concentrations of UICC chrysotile A
fibers induce morphological abnormalities in rat
pleural mesothelial cells in culture. As far as the
rate of pinocytosis of HRP and the metabolism of
BP are concerned, the metabolism of PMC was un-
changed.
This intense vacuolation of mammalian cells has
been observed by others when cells were exposed
to chloroquine (8, 9). The pictures shown by Wibo
and Poole (10) of fibroblasts exposed to chloroquine
are very similar to those observed with PMC. Some
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FIGURE 6. Effect of DMSO on the mean number of vacuoles
per PMC. PMC were incubated for 1 hr with DMSO before
the addition of 5,g/mL of chrysotile fibers. The number of
vacuoles was determined (0) 3 hr and (0) 20 hr following
chrysotile exposure.
results reported here show that features of auto-
phagy and lysosomal storage can be observed. How-
ever, large empty vacuoles are different from auto-
phagic vacuoles; their significance is not clear, but it
could be due to the storage of undigestible or undi-
gested material conducive to an osmotic effect. The
mechanism is not defined, and further studies must
be performed in order to explain this effect. Such
studies are of particular interest, since crocidolite fi-
bers, in spite of being ingested, did not induce such
an effect (11).
The inhibition of vacuolation observed after
DMSO treatment is not clear; it could be due to a
change in the physical state of the membranes since
it is known that DMSO increases the transition tem-
perature of some phospholipids (12). It is not due to
an inhibition of phagocytosis, since numerous intra-
cellular chrysotile fibers were identified by electron
microscopy.
It is interesting to note that HRP pinocytosis is
not increased during chrysotile exposure. This re-
sult indicates a distinction between the sites of at-
Table 2. Spectrophotometrical demonstration of pinocytosis
of HRP.a
Intracellular HRP activity after
various incubation times, ng/flask
HRP, mg/mL 60 min 105 min 180 min
HRP alone
0.25 8.4 9.2 19.2
0.50 22.0 25.0 54.4
1.00 30.5 52.9 72.0
HRP + 5,g/mL Ch
0.25 8.5 12.1 17.3
0.50 24.3 33.8 35.7
1.00 34.2 39.3 72.0
aPMC at 13th passage were incubated with various
amounts of HRP with or without UICC chrysotile A (Ch).
PMC were then washed eight times with PBS, and the
amount of HRP ingested was measured as described in
Material and Methods.
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Table 3 Proportion of radioactivity from '4C-BP
after extraction of the culture medium with ethyl acetate (EA).
PMC treatment Water-soluble, % EA-soluble, %
BP 37 63
BP + chrysotile 40 60
Chrysotile 24 hr, prior BP 37 63
Chrysotile 4 hr, prior BP 35 65
tachment of the chrysotile fibers on the plasma
membrane and the sites of internalization of HRP.
Pinocytosis of HRP follows an endocytic uptake of
"dual carrier" type without adsorption. From the
electron microscopic studies, and according to the
previous results, chrysotile fibers may then be in-
gested on the single carrier model (13).
Other authors have studied the effect of asbestos
fibers on the metabolism of polycyclic hydrocar-
bons. Our results do not show an increase in the me-
tabolism of BP as observed by Mossman et al. (14)
using methylcholanthrene (MCA) and crocidolite on
tracheal organ cultures. The difference could be due
to the fact that MCA was adsorbed on the fibers, to
the origin of the cells or to the nature of the fibers.
Daniel et al. (15) found a similar HPLC profile for
untreated and chrysotile-treated human fibroblasts
except for the appearance of an early eluting polar
FIGURE 7. Electron microscopy of a PMC incubated with 0.5 mg/mL of HRP for 2 hr
showing the pinocytic vacuoles (arrows). x 20200.MESOTHELIAL CELL INTERACTION 165
material observed when cells were treated with
chrysotile 24 hr before the hydrocarbon was added.
The stability in those aspects of metabolism de-
scribed here confirmed that the viability of chryso-
tile-treated PMC was similar to the control cells.
REFERENCES
1. Bignon, J., and Jaurand, M. C. Biological in vitro and in
vivo responses of chrysotile versus amphiboles. Environ.
Health Perspect. 51: 73-80 (1983).
2. Jaurand, M. C., Bernaudin, J. F., Renier, A., Kaplan, H.,
and Bignon, J. Rat pleural mesothelial cells in culture. In
Vitro 17: 98-106 (1981).
3. Jaurand, M. C., Magne, L., Boulmier, J. L., and Bignon, J.
In vitro activity of alveolar macrophages and red blood
cells with asbestos fibres treated with oxalic acid, sulfur
dioxide and benzo-3-4-pyrene. Toxicology 21: 323-342
(1981).
4. Miller, R., and Palade, G. E. Lytic activities in renal pro-
tein adsorption droplets. An electron microscopical cyto-
chemical study. J. Cell Biol. 23: 519-552 (1964).
5. Graham, R. C., and Karnovsky, M. J. The early stages of
adsorption of injected horseradish peroxidase in the prox-
imal tubules of mouse kidney: ultrastructural cytochemis-
try by a new technique. J. Histochem. Cytochem. 14:
291-302 (1966).
6. Steiman, R. M., and Cohn, Z. A. The interaction of soluble
horseradish peroxidase with mouse peritoneal macro-
phage in vitro. J. Cell Biol. 55: 186-204 (1972).
7. Jaurand, M. C., Kaplan, H., Thiollet, J., Pinchon, M. C.,
Bernaudin, J. F., and Bignon, J. Phagocytosis of chrysotile
fibers by pleural mesothelial cells in culture. Am. J.
Pathol. 94: 529-538 (1979).
8. Fedorko, M. E., Hirsch, J. G., and Cohn, Z. A. Autophagic
vacuoles produced in vitro. I. Studies on cultured macro-
phages exposed to chloroquine. II. Studies on the mechan-
ism of formation of autophagic vacuoles produced by
chloroquine. J. Cell Biol. 38: 377-391, 392-402 (1968).
9. Lullmann Rauch, R. Drug induced lysosomal storage dis-
orders. In: Lysosomes in Biology and Pathology, Vol. 6
(J. T. Dingle, P. J. Jacques and J. H. Shaw, Eds.), North
Holland, Amsterdam-New York-Oxford, 1979, pp. 49-130.
10. Wibo, M., and Poole, B. Protein degradation in cultured
cells. II. The uptake of chloroquine by rat. Fibroblasts and
the inhibition of cellular. Protein degradation and cathep-
sin Bi. J. Cell Biol. 63: 430-440 (1974).
11. Jaurand, M. C., Bastic-Sigeac, I., Renier, A., Kheuang, L., and
Bignon, J. Effect of chrysotile and crocidolite on the morphol-
ogy and growth of rat pleural mesothelial cells. Environ. Res.
in press.
12. Lyman, G. H., Papahadjopoulos, D., and Preisler, H. D.
Phospholipid membrane stabilization by dimethyl sulfox-
ide and other induces of friend leukemic cell differentia-
tion. Biochem. Biophys. Acta 448: 460-473 (1976).
13. Jacques, P. J. Endocytosis. In: Lysosomes in Biology and
Pathology, Vol. 2 (J. T. Dingle and H. B. Fells, Eds.),
North Holland, Amsterdam-New York-Oxford, 1969, pp.
395-420.
14. Mossman, B. T., and Craighead, J. E. Mechanisms of as-
bestos carcinogenesis. Environ. Res. 25: 269-280 (1981).
15. Daniel, F. B., Beach, C. A., and Hart, R. W. Asbestos in-
duced changes in the metabolism of polycyclic aromatic
hydrocarbons in human fibroblast cell cultures. In: The In
Vitro Effects of Mineral Dusts (R. C. Brown, M. Chamber-
lain, R. Davies and I. P. Gormley, Eds.), Academic Press,
London, 1980, pp. 255-262.